Abstract: A field experiment was carried out at the Experimental Farm in Faculty of Agriculture, Suez Canal University, Ismailia Governorate, Egypt, to study the effect of saline irrigation water, potassium silicate and their interaction treatments on growth and chemical contents of Eucalyptus camaldulensis Dehn. seedlings during the two successive seasons of 2013 and 2014. The seedlings were irrigated with tap water (control) one month after transplanting two times/week. The saline irrigation water was prepared from seawater obtained from Suez Canal in Ismailia region, included five treatments (control (tap water), 3000, 6000, 9000 and 12000 ppm),. Plants were irrigated with the treatments twice/week during 10 month starting 1 month after planting at the rate of 5 liters per plant. Seedlings were sprayed with potassium silicate levels (0, 2, 4, 6 and 8 cm 3 /l) one time every month during 10 months. The results showed that, vegetative growth characters (percent of plant height and stem diameter increment, fresh and dry weights of leaves, stem and roots/plant), chemical contents in the leaves (N, P, K, chlorophyll a, b and carotenoids) and some physical properties of wood [specific gravity (g/ml), lignin % and fiber length (mm)] were decreased with the high rates of saline irrigation water, but raised with the highest concentration of potassium silicate. However, the relative water content (RWC), sodium and proline contents in the leaves were increased by increasing the concentration of saline irrigation water but decreased when using the high rate of potassium silicate. The results revealed that, potassium silicate application alleviates the detrimental effect of salinity stress on vegetative growth, chemical content and physical properties of wood in this study.
INTRODUCTION
Eucalyptus species (Fam. Myrtaceae) grow naturally in all Australian Mainland States, (Ladiges et al., 2003) . They have been widely planted overseas in areas with Mediterranean climate. However, Eucalyptus species are believed to be introduced into Egypt in the 1800`s (El-Lakany et al., 1980) . Eucalyptus tree is one of the most common trees in the world. Eucalyptus species is probably the world's most widely planted tree in arid and semi-arid lands. It is planted in many tropical and subtropical countries. Under natural conditions, Eucalyptus occurs typically along watercourses and on floodplains but occasionally extends to hills or ranges, from temperate to hot and from humid to arid zone (ICRAF, 2010) . These species are traditionally planted as: windbreaks, shade and to supply wood for lumber, particle board and charcoal production and planted on the edges of waterways and install them and prevent them from drifting.
Salinity has long been recognized as a problem in many parts of the world that affects the plant growth and quality. Excess soil and water salinity causes soil compaction which leads to drainage problems and low soil organic matter. Plants are affected by the impenetrability of the soil which limits root growth, water uptake, and adversely affects plant metabolism and nutrient uptake. Salinity and raising of soil water levels may be considered the major of serious problems in agriculture (Anonymous, 2000) and (Munns and Taster; 2008) .
Silicon (Si) is the second most abundant element in the soil after oxygen (Richmond and Sussman, 2003) . Most silicon is present in the soil as insoluble oxides or silicates, although soluble silicic acid occurs in the range of 0.1-0.6 mM. Silicon is also one of the most abundant mineral elements in plant tissues and shoot concentrations in excess of 10% dry weight. Silicon (Si) application alleviates the detrimental effect of salinity stress on plant growth and photosynthetic activity. (Hamayun, 2010) . The beneficial effects of Si, include increasing the activity of some enzymes involved in the photosynthesis which led to promote greater photosynthetic activity in plants grown under different stresses, as well as reducing the availability of toxic elements such as Mn, Fe and Al to roots of plants and increasing plant resistance to salt stress, therefore, Si is recognized as a beneficial element required for plant unless it is not defined until now as either macro or micro nutrient essential element (Ma, 2004) .Silicon enhances water economy and crop growth in moisture stress (Kaya et al., 2006) . Potassium silicate is a source of highly soluble potassium and silicon. It is used in agricultural production systems primarily as a silica amendment and has the benefit of supplying small amounts of potassium. Potassium silicate contains no volatile organic compounds and applications will not result in the release of any hazardous or environmentally persistent by-products (Abou-Baker et al., 2011) . The present study investigated the effect of saline water irrigation levels, potassium silicate and their interaction treatments on the vegetative growth and chemical composition of Eucalyptus camaldulensis.
MATERIALS AND METHODS
A field experiment was carried out at the Experimental Farm in Faculty of Agriculture, Suez Canal University, Ismailia Governorate, Egypt, during the two successive seasons of 2013/2014 and 2014/2015 . to investigate the effect of saline irrigation water and potassium silicate treatments on growth and chemical content of Eucalyptus camaldulensis seedlings. The seedlings were planted in polyethylene bags containing 18 kg of soil, every bag contained one seedling in the first March. The experimental unit contained 3 seedlings arranged in one row, the distance between rows was 1 meter and 60 cm between bags. The experiment was subjected to combinations of water salinity (tap water, 3000, 6000, 9000 and 12000 ppm) and five levels from potassium silicate (0, 2, 4, 6 and 8 cm 3 /l). This experiment included 25 treatments which were the combinations between five concentrations of both salt water and potassium silicate. These treatments were arranged in a split plot design in the three replicates. Water salinity treatments were arranged in the main plot and potassium silicate treatment were distributed in the sub plot. The physical and chemical properties of the experimental soil used in this experiment are shown in Table (1) . The chemical analysis of seawater obtained from Suez Canal was shown in Table ( 2)
The following measurements were recorded: Percent of plant height and stem diameter increment (%), fresh weight of leaves, stem and roots (g/plant) and dry weight of leaves, stem and roots (g/plant). Chlorophyll a, b and carotenoids contents in the fresh leave were estimated according to the method of Arnon (1949) . Samples of fresh leaves were taken as 3 leaves from 3 shoot per plant. Chlorophyll a, b and carotenoids were extracted from representative samples using acetone 85%. The optical density of the samples was then measured at wavelengths 662,644 and 440.5 nm using a Beckman Dk-2 spectrophotometer. Concentrations of chl. a, chl b and carotenoids were calculated as follows:
Chlorophyll (a) = 9.784 E662 -0.99 E664 = µg/ml. Chlorophyll (b) = 21.264 E664 -4.65 E662 = µg/ml. Carotenoids= 4.695 E440.5 -(0.268 Chlorophyll a + Chlorophyll b = mg/g f.wt. Chlorophyll mg/g f.w = µg/ml. x acetone size/1000 x sample weight. E = Optical density at the specific wavelength.
Nitrogen, phosphorus, potassium and sodium % in the leaves:
The leaves were washed with distilled water and dried at 72 ºC for 48 hours. Dried leaves were wet digested using perchloric sulfuric acid mixture to useless. Total nitrogen was estimated using semi-microKieldahle method according to Mazumder and Majumder (2003) . Phosphorus was analyzed by a van date-molybdate by spectrophotometer Chapman and Pratt (1982) . Potassium and sodium were determined using Flame photometer (Page et al, 1982) Proline content:
Proline content was determined in dry leaves according to the method described by Bates (1973) . Plant tissues (0.5 g) were homogenized with 5 ml of 3% sulfosalicylic acid and the homogenates were centrifuged at 3000xg for 20 min. In a test tube, 1 ml of the supernatant was mixed with 1 ml acid ninhydrin reagent and 1 ml of glacial acetic acid and incubated in 100 o c in water bath for 1h and then absorbance at 520 nm was determined. Free proline content in sample is estimated by referring to a standard curve made from known concentration of proline and the results were expressed as u mol proline g -1 dW.
Lignin content: Lignin, expressed as Klason lignin, was determined according to TAPPI T222 om-97 (2007) .
Some physical properties of wood:
Two radial strips (nominal, 5 cm tangentially), were machine-cut from each disk. One strip free from any visible defects was selected for specific gravity (SG) and fiber length (FL) determinations. The strip was machined systematically into a number of specimens at 1.0 cm interval from pith to the bark. Thereafter, each specimen was radially divided into two matched specimens, one specimen for SG and the other for FL determinations.
Specific gravity (g/ml):
Specimens assigned for specific gravity determination were aspirated under vacuum until fully saturated condition was reached. The saturated weight of the specimens was obtained. After drying specimens at 103±2 °C until a constant weight was reached, the over dry weight of the specimens was determined and the maximum moisture content was calculated. Specific gravity of each specimen was calculated using the following equation developed by Smith, (1954) . SG = 100 / [M.M.C % + (100 / Gso)]
Where: SG = Specific gravity of specimen Gso = specific gravity of wood substance. M.M.C % = Maximum moisture content as percent of oven dry weight.
Fiber length (mm): Each specimen assigned for fiber length determination was macerated in glacial acetic acid and 30% hydrogen peroxide (1:1 by volume) at 60°C for approximately 48 hours (Franklin, 1964) . After delignification was completed the material was washed with distilled water several times and reduced to individual fiber by mild shaking. The macerated fibers at each sampled point were strained with safranin dye and their lengths were measured. For each point, 50 randomly selected fibers were measured in wet condition to the nearest 1 mm by using projecting fiber images onto a screen.
The relative water content in leaves (RWC) %:
Measurements of RWC were performed on leaves collected from branches of Eucalyptus camaldulensis trees according to Yamasaki and Dillenburg (1999) .
Statistical analysis:
Analysis of variance of the data for each attribute was by Dunkan′s multiple range test at 5 % probability (Steel and Torrie (1997) . Table ( 3) show that, the percent of plant height and stem diameter increments decreased by increasing irrigation water salinity concentrations, while increased with increasing of potassium silicate rates. Therefore, the highest results were obtained from the treatments of 3000 ppm irrigation water salinity and 8 cm/l potassium silicate, during both seasons. However, the least values were noticed when using 12000 ppm irrigation water salinity. This reduction in plant height and stem diameter as a result of water salinity might be attributed to reduction of cell size or the cell number. Concerning the effect of interaction treatments the highest percent of plant height and stem diameter increments were observed with the combined treatment of 3000 ppm irrigation water salinity + 8 cm/l potassium silicate, in both seasons. This treatment recorded 97.4 and 90.4 % for increment in plant height and 196.4 and 192.9 % for increment in stem diameter during the 1 st and 2 nd seasons, respectively. From the previous data we can mention that, potassium silicate leads to reduce the harmful effect of water salinity. These results were in harmony with those obtained by Hussein and Nesreen (2014) . Fresh weights of leaves, stem and roots (g/plant): Data presented in Table ( 4) reveal that, irrigation water salinity significantly decreased fresh weights of leaves, stem and roots g/plant. The lightest weights were noticed with using 12000 ppm water salinity, while, the best results were recorded with 3000 ppm. On the other hand, the fresh weights were gradually increased with increasing of potassium silicate rates. The heaviest fresh weights obtained with 8 cm 3 /l potassium silicate. In a similar trend, combined treatment of 3000 ppm salinity + 8 cm 3 /l potassium silicate gave the highest weights. These results are in harmony with those mentioned by Munns and Tester (2008) on Eucalyptus camaldulensis and Hussien and Nesreen (2014) on moringa. Table ( 6) show the effect of irrigation water salinity, potassium silicate levels and their interaction treatments on chlorophyll a, b and carotenoids content in the leaves. They took a similar trend in regard to the influence of the irrigation water salinity and potassium silicate treatments on growth characters. Concerning the effect of water salinity on chlorophyll a, b and carotenoids contents, the data reveal that, there was a decrease in content with increasing of salinity level. However, the content increased with increasing of potassium silicate level. The interaction treatment of water salinity at tap water (control) + potassium silicate level at 8 cm 3 /l treatment gave the higher values of chlorophyll a, b and carotenoids. The recorded data in both seasons showed gradual decreases when raising irrigation water salinity levels, while observed increases with increasing in potassium silicate levels. The effect of saline water treatments on chlorophyll a, chlorophyll b and carotenoids resulted in significant (at p < 0.05) stating with increase in accumulation of pigments with tap water then tend to decrease in response to increasing saline water (Karnack et al., 2001 ) Total chlorophyll content in saline water treatment was reduced by 55% compared to control treatment. These results were in harmony with those of Hishida et al (2014) on Jatropha curcas and Bayoumi et al. (2015) on wheat. Tap The effect of different rates of water salinity, potassium silicate levels and their interaction treatments on N, P and K % in the leaves of Eucalyptus camaldulensis was presented in Table (7) . Concerning the effect of water salinity, the data show that, there was a gradual decrease in N, P and K % with increasing salinity levels, while there was a positive effect of potassium silicate on N, P and K percentages. Total K content in E.C seedlings roots and aerial parts was increased progressively with decreasing saline water, particularly under light condition .The percentages increased with increasing the levels of potassium silicate. With regard to the effect of interaction treatments, we can observe that, using potassium silicate levels decreased the negative effect of high water salinity concentration (12000 ppm) on N, P and K %, during the two seasons. These results are in harmony with those of Tattini et al. (2002) In Fig. (1) , Na % in Eucalyptus camaldulensis transplants was gradually increased with increasing of salinity levels in irrigation water in the two seasons. The highest value was recorded in leaves from the treatment of 12000 ppm. Also, data indicated that, Na % was decreased with increasing of potassium silicate levels.
The lowest values of Na in the leaves were obtained with using 8 cm 3 /l potassium silicate in the two seasons. The results presented in the same Figure demonstrated that, Na % in the leaves was increased with increasing water salinity levels, but when using potassium silicate levels combining with salinity levels, the Na% was decreased. The highest value was obtained from the interaction treatment of 12000 ppm salinity + 0 potassium silicate, while, the lowest was recorded with tap water (control) + 8 cm 3 /l potassium silicate. These results were replicated in the two seasons. Similar finding were mentioned by Sohail et al. (2009) on Ziziphus spina-christi. 2) indicate that, proline % in Eucalyptus camaldulensis was increased as irrigation water salinity concentration increased. It reached maximum value at 12000 ppm compared to control. From the same Fig., proline content recorded gradual decrease when using gradual increases of potassium silicate level. The results showed also that, the interaction between saline irrigation water rates and potassium silicate levels treatments affected proline content in the leaves. Proline during stress may be possible reason for proline accumulation. Proline is one of the most important osmoprotectants in plant. under water stress most plant species exhibit a remarkable increase in their proline content (Metwali et al., 2011) . From the data, we can observe that, using the different levels of potassium silicate from 0 to 8 cm 3 /l with the high concentration of salinity (12000 ppm) gradually decreased the proline %. Similar results were also found by Woodward and Bennett (2005) on Eucalyptus camaldulensis and Bayoumi et al. (2015) on wheat. In Fig. (3) , lignin % of Eucalyptus camaldulensis stem was decreased gradually with increasing of irrigation water salinity levels, in the two seasons. The lowest value was recorded in the stem from the treatment of 12000 ppm which recorded 21.26 and 21.44 % in the first and second seasons, respectively. On the other side, potassium silicate levels increased the percent of lignin from 25.24 to 27.04 % and from 25.31 to 26.83 %, in the 1 st and 2 nd seasons, respectively compared with non-treated plants. As for the interaction treatments, the highest lignin values (31.06 and 29.47 %) were recorded with tap water (control) + potassium silicate at 8 cm 3 /l, while the interaction treatment of 12000 ppm water salinity + 0 potassium silicate gave the lowest value (20.41 and 20.64 %), during the two seasons, respectively. We can from data notice that, using potassium silicate levels reduced the harmful effect of water salinity on lignin % in the stem. Fig. (4) that, the fiber length was decreased with increasing of water salinity levels. The tallest fiber were observed with 3000 ppm (1.10 and 1.14 mm), while, the shortest fiber was obtained from 12000 ppm (0.74 and 0.73 mm) during the two seasons, respectively. There were contrast effects with potassium silicate as the treatment of 8 cm 3 /l gave the tallest fiber and recorded 1.11 and 1.08 mm in the 1 st and 2 nd seasons, respectively. The data presented show also that, fiber length in stem was decreased with increasing water salinity levels, but when using potassium silicate levels combining with salinity levels, the fiber length was increased. The highest values (1.26 and 1.28 mm) were obtained from the interaction treatment of 3000 ppm salinity + 8 cm 3 /l potassium silicate, while, the lowest (0.60 and 0.58 mm) were recorded with 12000 ppm + 0 potassium silicate during the two seasons, respectively. Similar results were found by Catchpoole et al. (2000) on Eucalyptus spp. Fig. (4) : Effect of interaction treatments of irrigation water and potassium silicate levels on fiber length (mm) of stem of Eucalyptus camaldulensis during the two seasons Specific gravity (g/ml): Irrigation water salinity treatments decreased specific gravity from 0.68 to 0.56 g/ml in the first season, while, in the second one from 0.69 to 0.57 g/ml from tap water compared to 12000 ppm, respectively, as showed in Fig. (5) . On the other hand, potassium silicate treatments slightly increased specific gravity from 0.59 to 0.66 g/ml in the 1 st season, and from 0.61 to 0.66 g/ml in the 2 nd one from 0 to 8 cm 3 /l, respectively. When using salinity levels, specific gravity was decreased, but with adding potassium silicate the values were raised. So, the lowest value (0.52 and 0.55 g/ml) were obtained from the interaction treatment of 12000 ppm + 0 potassium silicate, while the highest specific gravity (0.72 and 0.74 g/ml) resulted from the combined treatment of tap water (control) + 8 cm 3 /l potassium silicate, during both seasons. These results are in harmony with those of Catchpoole et al. (2000) on Eucalyptus spp. The results illustrated in Fig. (6) reveal that the interaction between saline irrigation water and potassium silicate levels were associated with an increase in relative water content (RWC). The high concentration of saline irrigation water with 0 potassium silicate gave the highest value. These results are in harmony also with Diaz et al. (2012) on Jatropha curcas.
From the previous results it can recommended the following:
When irrigate the seedlings of Eucalyptus camaldulensis with water salinity, more than 3000 ppm until the concentration of 12,000 ppm, is recommended to use potassium silicate at the rate of 8 cm 3 /liter spray on leaves once a month from the beginning of agriculture during the vegetative growth, to get the highest rate of vegetative growth and increase the affordability of salinity and improve the growth characteristics of Eucalyptus camaldulensis.
